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In this study, we explore the possible mechanism of opposite ENSO effects on summer rainfall in the JJAS region (northern GHA)
and autumn rainfall in the OND region (equatorial GHA). )e two regions are identified based on the spatial distribution of high
seasonal fractions of annual rainfall for the period 1979–2016. )e summer rainfall over the JJAS region is negatively correlated
with ENSO. It is because the warmNiño3.4 SST triggers zonal wave one pattern in tropics and forces upper-level westerly anomaly
and the low-level easterly anomaly over tropical Africa. )us, the weakened upper-level Tropical Easterly Jet (TEJ) and the low-
level westerly over the JJAS region result in deficient rainfall during JJAS over the northern GHA. For the autumn rainfall
variability over the equatorial GHA, IOD is a pivotal factor. But, autumn rainfall anomalies are far greater in ENSO and IOD
coexisting years than those in IOD alone years. In other words, ENSO has a significant impact on the autumn rainfall over the
equatorial GHA by means of IOD. It is because the warming SST, which is fully developed over western Indian Ocean (IO) in
autumn of ENSO developing year, causes low-level convergence over the equatorial GHA and enhances upper-level easterly over
tropical Africa. )ose conditions are favorable for abundant rainfall over the equatorial GHA in autumn.

1. Introduction

)e economics of the Great Horn of Africa (GHA, including
five countries, namely, Ethiopia, Eritrea, Djibouti, Somalia,
and Kenya; Figure 1) mainly depend on rainfed agriculture,
which is highly influenced by seasonal rainfall magnitude
(e.g., [1] and is vulnerable to the impacts of the climate
variability. In the region, extreme weather events such as
floods and droughts are frequent and often impact nega-
tively on crop production [2] [3–5].

According to IGAD Climate Prediction and Application
Centre (ICPAC), the seasons in the GHA are categorized as
winter (January-February, JF), spring (March-May, MAM),
summer (June-September, JJAS), and autumn (October-
December, OND). )e seasonal cycle of rainfall over
northern GHA, including Ethio-Sudanese border, and
central and northern Ethiopia and Eritrea, presents one
main rainy season: JJAS. While the seasonal cycle of rainfall
over southern GHA, including south-eastern Ethiopia,

Kenya, and Somalia, presents two main rainy seasons: one is
MAM, and the other is OND.

Many studies suggested the variability of precipitation
over this torrid zone has been driven by different factors,
such as the migration of the intertropical convergence zone
(ITCZ) from the eastern Sahel to the southern parts of Kenya
[6, 7], the Indian Ocean Dipole [3, 4, 8, 9], El Niño Southern
Oscillation [4, 6, 10–14], and the East African Low-Level Jet
[15]. Diro et al. [11] investigated the correlation between
global SST and rainfall in different regions of Ethiopia. )ey
showed that JJAS rainfall in Ethiopia is negatively correlated
with ENSO. Only the south-eastern part of Ethiopia displays
a weak positive correlation to equatorial East Pacific SST.
Based on the sensitivity experiments driven only with
equatorial Pacific SST anomalies, Diro et al. [11] and
Gleixner et al. [12] suggested that a slowdown of the whole
Indian monsoon system with a weaker upper-level Tropical
Easterly Jet (TEJ) and a weaker low-level East African jet
causes a dry summer over Ethiopia in El Niño year. While
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others (e.g., [8, 16]) found that the Indian Ocean dipole
(IOD) plays a dominant role in the OND rainfall variability
in equatorial East Africa, and the correlation between ENSO
and autumn rainfall is insignificant when the IOD influence
is excluded. So far, many studies examined the influence of
ENSO or the IOD on the rainfall over East Africa. Very few
authors compare the different dynamical processes of the
influence of ENSO on the seasonal rainfall in different re-
gions of the GHA. In this study, we identify two rainfall
regions over the GHA: JJAS region and OND region based
on the spatial distribution of high seasonal fractions of
annual rainfall find that the correlation of JJAS rainfall in
northern GHA with Niño3.4 SST is opposite with the OND
rainfall in equatorial GHA with Niño3.4 SST. We will ex-
plore the mechanism and draw some conclusions.

)e rest of the study is organized as follows: Section 2
describes the data and methods. Section 3 gives dominant
modes of the GHA seasonal rainfall, the different re-
sponse of atmospheric circulations between JJAS and
OND to Nin ̃o3.4 SST, and analyzes the different dy-
namical processes responsible for the opposite correla-
tion of summer rainfall and autumn rainfall in East Africa
with Nin ̃o3.4 SST. )e main conclusions and discussions
are given in Section 4.

2. Data and Methods

In this study, we use the climatic research unit (CRU)
monthly precipitation constructed by the Climate Anomaly

Method from the UK Met Office [17]. )e monthly Out-
going Longwave Radiation (OLR) data are obtained from the
National Oceanic and Atmospheric Administration [18].
)e monthly mean SST data are obtained from the Hadley
Centre’s Sea Ice and SST dataset [19]. )e monthly mean
wind, geopotential height, and seal level pressure fields are
obtained from the National Centers for Environmental
Prediction (NCEP) and National Center for Atmospheric
Research (NCAR) reanalysis data [20]. All these datasets
during 1979–2016 are analyzed in this study.

Indian Ocean dipole mode index (DMI) [21–23] and
Niño3.4 SST indices are obtained from http://www.bom.gov.
au/climate/iod/. A total of 7 positive IOD years (1982, 1983,
1994, 1997, 2006, 2012, and 2015) and 8 negative IOD years
(1981, 1984, 1989, 1992, 1996, 1998, 2010, and 2016) are
defined when the DMI index exceeds 0.8 and −0.8 standard
deviation, respectively. A total of 7 El Niño years (1982, 1987,
1991, 1997, 2002, 2009, and 2015) and 7 La Niña years (1984,
1988, 1998, 1999, 2007, 2010, and 2011) are defined when
Niño3.4 index exceeds 0.8 and −0.8 standard deviation,
respectively. About half of IOD events are related to ENSO
events. Some of positive IOD years are concurrent with El
Niño years; some of negative IOD years are concurrent with
La Niña years. During 1979–2016, there are 3 El Niño and
positive IOD (pIOD) coexisting years (1982, 1997, and 2015)
and 3 La Niña and negative IOD (nIOD) coexisting years
(1984, 1998, and 2010); 4 El Niño alone years (1987, 1991,
2002, and 2009) and 4 La Niña alone years (1988, 1999, 2007,
and 2011); 4 positive IOD alone years (1983, 1994, 2006, and
2012) and 5 negative IOD alone years (1981, 1989, 1992,
1996, and 2016).

)e different seasonal rainfall regions are defined
based on the seasonal fraction to annual rainfall for the
JF, MAM, JJAS, and OND seasons, respectively (Fig-
ure 2). Two domains (36–44.5°E, 2–7°N) and (44.5–50.5°E,
4–11.5°N) together are defined as MAM region.)eMAM
region mainly covers southeastern Ethiopia and northern
Somali. )e domain (32–42°E, 7–18°N) is defined as JJAS
region. )e JJAS region mainly covers most of Ethiopian
region and southern Sudan. Two domains (37–40.5°E,
3.5°S-1.5°N) and (40.5–46°E, 1.5–5.5°N) together are de-
fined as the OND region. )e OND region mainly covers
southern Kenya and southern Somali. )e seasonal
rainfall of the selected regions accounts for more than
45% of annual rainfall.

Because the MAM seasonal rainfall has a weak rela-
tionship with the SST anomalies in the tropical Indian and
Pacific Oceans (figures not shown here), we only examine
the impact of ENSO on summer rainfall over the JJAS region
and autumn rainfall over the OND region. To address these
issues, the correlation between JJAS seasonal rainfall and
OND seasonal rainfall anomalies in their domains with
monthly SST for a sample size of 38 years is examined. In
order to determine atmospheric circulation pattern asso-
ciated with SST anomalies, atmospheric circulation com-
posites of El Niño (or El Niño alone; pIOD; pIOD alone; El
Niño and pIOD coexisting) year minus La Niña (or La Niña
alone; nIOD; nIOD alone; La Niña and nIOD coexisting)
were studied, which provides a deep understanding of
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Figure 1: )e study domain (4.5°S–18°N, 32°–51.5°E) and its to-
pographic elevation (m).
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linkage between SST and seasonal rainfall over the area of
high fraction of seasonal mean rainfall to annual rainfall.)e
statistical significance of the results was determined by using
a Student’s t test.

To demonstrate and extract the dominant modes of
spatial homogeneity of seasonal rainfall, an Empirical
Orthogonal Function (EOF) method of seasonal rainfall
in the GHA is also applied. )e EOF method is used to
reduce a high-dimensional dataset into fewer dimensions
while retaining important information. However, the
purpose of EOF in this study is to examine the consis-
tency of study domains between EOF results and high
fraction area of seasonal mean rainfall to annual rainfall
during the last 38 years.

3. Results and Discussion

3.1. Dominant Modes of GHA Seasonal Rainfall. )e annual
cycle of rainfall averaged over the JJAS region and the OND
region is shown in Figure 3.)e rainfall over the JJAS region
shows a unimodal annual cycle, while the rainfall over the
OND region shows a bimodal annual cycle. Comparing with
the rainfall over the JJAS region, the rainfall over the OND
region has less fraction to annual rainfall, but the rainfall
over the OND region has stronger interannual variability
(Figure 4).

In order to examine whether the rainfall over the selected
regions are spatially homogenous, we apply the EOF anal-
ysis. Figure 5 shows the spatial patterns of the first three EOF
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Figure 2: Seasonal fraction of annual rainfall for the seasons (a) January-February, (b) March-May, (c) June-September, and (d) October-
December.)emonthly value obtained from gridded datasets of CRU TS4.01 for the period 1979–2016. Red boxes mark the region we chose
for studying, which accounts for greater than 45% of annual rainfall.
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eigenvalues and principal components (PCs) of summer
rainfall over the GHA. )e variance of the first and second
EOFmode is 31.7% and 18.7%, respectively.)e first mode is
characterized by consistent abundant rainfall over the JJAS
region, with the center locating over northern Ethiopia. )e
second mode displays a north/south dipole pattern with
negative anomaly in the northwest of Ethiopia and positive
anomaly around the border of Sudan, Kenya, and Uganda.
)e variance of the third EOF mode is 9.8%, which is

characterized by the dipole pattern over Ethiopia. )e first
modes shows spatially homogenous rainfall variability in the
selected JJAS region, which indicates that the area-averaged
rainfall in the JJAS region can explain more than 31.7%
rainfall variability in this region. It is interesting that the PC1
also shows interdecadal variability with an upward trend.
)e trend coefficient is 0.04, which suggest there is some
abundant rainfall trend over Ethiopia since 1979 besides the
interannual variability.
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Figure 3: Annual rainfall cycle averaged over (a) the JJAS region and (b) the OND region (red boxes shown in Figure 2(c) and 2(d)). Gray
lines are the regions’ average, and green and yellow color lines are the ±0.1 standard deviation of the interannual variability, respectively.
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Figure 4: Time series of (a) summer rainfall averaged in the JJAS region and (b) autumn rainfall averaged in the OND region.)e horizontal
red lines in each panel are the ±1 standard deviation.
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Similarly, the first three EOF modes and relevant
principal components (PCs) of autumn rainfall over the
GHA are shown in Figure 6. )e variance of the first EOF
mode is 53.1%. )e first mode is featured by homogenous
positive rainfall anomaly over the whole GHA with the
center over southern Kenya, southern Somali and southern
Uganda. It is suggested the selected OND region is rea-
sonable. )e variance of the second EOF mode is 12.3%.)e
second mode displays meridional dipole pattern with the
positive anomaly in East Ethiopia and negative anomaly in
southern Somali. )e variance of the third EOF mode is
8.1%, which is characterized by zonal dipole mode over the
GHA. During OND season, the years of 1982, 1997, 2002,
2006, and 2015 are wet years as displayed in PC1. Four of
them are co-occurrent with pIOD years, as well as the OND
regional averaged rainfall (Figure 4(b)). )e PC1 for OND
rainfall also shows an upward trend with the trend coeffi-
cient of 0.03, which suggest there is abundant rainfall trend
over southern Kenya, southern Somali, since 1979 except for
the interannual variability.

3.2. Impact of SST. Figure 7 shows the correlation coefficient
distribution between monthly global SST and summer
rainfall averaged over the JJAS region. )e summer rainfall
over the JJAS region is significantly correlated with the
tropical central-eastern Pacific SST since June. )e negative
linking SST over tropical Pacific gradually intensifies and
extends eastward up to South American coast till September.
In other words, JJAS rainfall in Ethiopia and southern Sudan
correlates negatively to an El Niño-like SST pattern in the
concurrent summer. )is result is consistent with that of the
previous study. In contrast, the autumn rainfall over the
OND region is positively correlated with the El Niño-like
SST pattern in Pacific (Figure 8). )e OND regional rainfall
is not only correlated with SST in Pacific but also positively
correlated with equatorial western IO SST and negatively
correlated with SST around Maritime continent in the
concurrent season. )e autumn rainfall averaged over the
OND region has a correlation of +0.70 with the OND
seasonal mean DMI time series and +0.45 with the OND
seasonal mean Niño3.4 time series, which exceeds the 0.05
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significance level. In other words, the IOD-like dipole
pattern of SST anomalies (SSTA) in the tropical IO plays a
dominant role in variability of OND seasonal rainfall in
equatorial East Africa. )ese significant positive correlations
observed between autumn rainfall and IOD events are in
general agreement with those of other studies [16, 24–27].
Bahaga et al. [16] indicated that a Gill-type response of the
atmosphere to a warm SST in western IO induces a low-level
westerly anomaly over equatorial Africa, which leads to
moisture flux convergence and abundant short rainfall over
East Africa. )e question is why El Niño-like SSTA in
tropical Pacific Ocean will induce below the normal pre-
cipitation in Ethiopia during JJAS but above normal pre-
cipitation in equatorial East Africa during OND season. Are
their mechanisms different? In Section 3.3, it will be
examined.

3.3.DifferentAtmosphericCirculationResponses between JJAS
andOND to ENSO. To address the different effects of ENSO
on the JJAS and OND rainfall over the two GHA regions, we
compare the atmospheric circulation composites between

JJAS and OND rainfall response for ENSO events, IOD
events, ENSO alone events, IOD alone events, and ENSO
and IOD coexisting events.

Figure 9 shows the climatology of wind and rainfall and
composites of rainfall anomalies, wind anomalies at 200 hPa
and 850 hPa, and related low-level divergence for ENSO
events (El Niño years minus La Niña years).

JJAS is a rainy season over northern tropical Africa. )e
upper-level tropical easterly Jet (TEJ) and ITCZ cover
northern tropical Africa and the low level is characterized by
convergence in the JJAS region (Figures 9(a), 9(c), and 9(e)).
While, during JJAS of warm ENSO years, the upper-level
TEJ is weakened by westerly anomalies (Figure 9(b)), the
low-level westerly is weakened by easterly anomalies in the
northern tropical Africa (Figure 10(a)), and the JJAS region
is featured by marginal divergence anomalies (Figure 9(f )).
In other words, it is because the Africa monsoon circulation
weakening during warm ENSO years induces below normal
precipitation in most of the rainy areas (Figure 9(d)). )ese
results are consistent with those of the previous study
[11, 12].
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For OND climatology, the ITCZ shifts southward and
covers southern tropical Africa (Figure 11(c)). Two anti-
cyclones stride over equatorial Africa at the upper level
(Figure 11(a)). )e OND region locates at east of these two
anticyclones and is covered by weak easterly (Figure 11(a)).
)e low level is characterized by convergence of south-
easterly and northeasterly in the OND region (Figure 11(c)).
While, during OND of El Niño year, a strong anticyclone
anomaly covers the northeastern tropical Africa and a small
anticyclonic anomaly covers southern tropical Africa and
easterly between two anticyclones is intensified at upper level
over the OND region (Figure 11(b)).)e low level is featured
by easterly anomalies over the tropical IO. )e wind
anomalies are closely related to the warming SST over
western IO (Figure 10(b)), which induces westerly anomalies
in equatorial Africa and easterly anomalies over the tropical
IO at low-level and then enhances the moisture flux con-
vergence and abundant short rainfall over East Africa, as
suggested by Bahaga et al. [16].

Previous studies suggested that the rainfall variability
over equatorial East Africa is more closely related to IOD
events [16]; the composites of wind anomalies at 200 hPa and

850 hPa for IOD events are also presented here (Figure 12).
In positive IOD years, two anticyclonic anomalies stride at
the upper level over tropical Africa and the easterly
anomalies are much more enhanced than those in El Niño
years (Figure 12(a)). And, low level is characterized by
easterly anomalies over equatorial IO and enhanced con-
vergence over equatorial Africa with northerly and anticy-
clonic anomalies in northern tropical Africa and southerly in
southern tropical Africa (Figures 12(b), 12(c), and 10(c)).

Some of IOD events are related to ENSO events. Fig-
ure 13 presents the composites of rainfall anomalies, wind
anomalies at 200 hPa and 850 hPa for ENSO alone events,
IOD alone events, and ENSO and IOD coexisting events,
respectively. As shown in Figure 13, abundant OND rainfall
appears over equatorial Africa both in warm IOD alone years
and El Niño and pIOD coexisting years. But, the autumn
rainfall in the OND region is far greater in El Niño and pIOD
coexisting years than that in positive IOD alone years, which
suggests that ENSO has a significant impact on the autumn
rainfall over equatorial East Africa. On the other hand, the
autumn rainfall over the OND region has no evident
anomalies in ENSO alone years, which suggests that IOD is
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Figure 7: Correlation coefficients between the JJAS region rainfall and global SST in (a) June, (b) July, (c) August, and (d) September. Areas
with 95% confidence level are shown in dark shades. Purple box marks Niño3.4 region and green boxes are western IO and eastern IO,
respectively.
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pivotal in having ENSO in effect in autumn rainfall over the
OND region. )e circulation has the similar characteristic.
)e low-level easterly anomalies in equatorial IO are far
greater in El Niño and pIOD coexisting events than those in
other two events.

)e opposite response of JJAS rainfall and OND
rainfall in East Africa to El Nin ̃o-like SST can also be
observed in the field of OLR (Figures 14 and 15). Negative
(positive) OLR anomalies indicate enhanced (sup-
pressed) convection. During JJAS of El Nin ̃o alone years,
the zonal wave one pattern of OLR anomalies are ob-
served along the equator, with positive OLR anomalies
extending from tropical Atlantic to tropical Africa and till
the Maritime Continent; negative OLR anomaly covers
the equatorial Pacific (Figure 14(a)). )e zonal wave one
pattern can also be observed in summer of ENSO and
IOD coexisting years (Figure 14(c)) with much weak
positive OLR anomalies in tropical Africa and much
intense positive OLR anomalies over the Maritime
Continent, which suggests that the IOD events offsets
some effect of ENSO on the summer rainfall over the
GHA. In positive IOD alone years, the negative OLR
anomalies are observed over western IO (Figure 14(b)).

During OND of El Niño and pIOD years, the zonal wave
two pattern of OLR anomalies is observed along the equator
(Figure 15(c)). One negative OLR anomaly extends from
tropical East Africa to tropical western IO. Another region of
negative OLR anomalies covering is tropical central-eastern
Pacific. Two positive OLR anomalies are located in the
Maritime Continent and the tropical western Atlantic, re-
spectively. In ENSO alone years, the autumn anomalies of
OLR are not evident in tropical Africa and the Indian Ocean
(Figure 15(a)), but they can be observed in autumn of IOD
alone years (Figure 15(b)), which also suggest that IOD is
pivotal in having ENSO in effect in autumn rainfall over the
OND region.

)e location of the low (high) sea level pressure (SLP)
matches with the enhanced (suppressed) convection in the
tropics (Figures 14 and 15). During JJAS of El Niño alone
years (Figure 14(a)), above-normal SLP extends from
tropical Atlantic to Maritime continent and below-normal
SLP extends cross tropical central-eastern Pacific. It exhibits
a tropical zonal wave one pattern. While during OND of El
Niño and positive IOD years (Figure 15(c)), East Africa is
overlying with marginal negative anomalies of SLP and the
central-eastern Pacific is overlying with negative anomalies
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Figure 8: Correlation coefficients between the OND region rainfall and global SST in (a) October, (b) November, and (c) December. Areas
with 95% confidence level are shown in dark shades. Purple box marks Niño3.4 region and green boxes are western IO and eastern IO,
respectively.
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Figure 9: Climatological (a) 200-hPa wind (streamline), (c) 850-hPa wind (vector in m/s) and rainfall (shaded inmmmonth−1), and (e) 850-
hPa divergence (shaded in 10e6 s−1) in JJAS. )e difference of (b) 200-hPa wind (streamline), (d) 850-hPa wind (vector in m s−1), rainfall
(shaded in mm/month), and (f) 850-hPa divergence (shaded in 10e6 s−1) in JJAS between El Niño and La Niña years. )e magnitudes of
wind are shaded in (a) and (b). )e red box marked in each panel represents the JJAS region.
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Figure 10: )e difference of SST (shaded in °C) and 850-hPa wind (streamline) in (a) JJAS between El Niño years and La Niña years, (b)
OND between El Niño years and La Niña years, and (c) OND between pIOD years and nIOD years.
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Figure 11: Continued.

10 Advances in Meteorology



of SLP.)e above normal SLP extends from tropical Atlantic
to tropical western Africa as well as Maritime Continent. It
exhibits a tropical zonal wave two pattern.

)ough the composites of SST anomalies patterns in
JJAS and OND of El Niño year are similar (Figure 10),
response of JJAS rainfall and OND rainfall in East Africa to
El Niño-like SST is opposite. It is because the warming SST
over western IO is fully grown in autumn in some El Niño
years, induces low-level convergence between easterly
anomaly in tropical IO and westerly anomaly in tropical
Africa, and enhances the convection over equatorial East
Africa (Figure 10(b)).

4. Summary and Discussion

In this study, we compare the interannual rainfall variation
of JJAS and OND over the GHA and explore their different
possible causes by using the datasets for the period
1979–2016. Based on the spatial distribution of high seasonal

fraction to annual rainfall, we identify two rainfall regions
over GHA: JJAS region and OND region. )e JJAS region is
in northern GHA and has a unimodal annual cycle of
rainfall. )e OND region is in southern GHA and has a
bimodal annual cycle of rainfall. )e results show that
Niño3.4 SST significantly affects the variability of JJAS
rainfall and OND rainfall over East Africa. Summer rainfall
in the JJAS region is negatively correlated with the El Niño-
like SST pattern, whereas autumn rainfall is positively
correlated with the El Niño-like SST pattern. We further
examine and compare the mechanisms between them. For
JJAS rainfall variability, the Africa monsoon circulation is
weakened with the weakened upper level TEJ and the
weakened low-level southwesterly over the JJAS region,
which induces below normal precipitation over most of
rainy area including the JJAS region. IOD is pivotal in effect
in autumn rainfall over East Africa. )ese results are con-
sistent with those of the previous studies. )ough the au-
tumn rainfall anomalies are not evident in ENSO alone
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Figure 11: Same as Figure 9, but for OND season. (a) OND 200- hpa wind clim. (b) OND 200- hpa wind anomaly. (c) ONDRF and 850-hpa
wind clim. (d) OND RF and 850-hpa wind anomaly. (e) OND low-level divergence clim. (f ) OND low-level divergence anomaly
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years, rainfall anomalies are more pronounced when IOD
events are concurrent with ENSO events. )e intensified
upper-level TEJ and enhanced low-level moisture flux
convergence by easterly anomalies over tropical IO and
westerly anomalies over tropical Africa triggered by the
positive SST anomalies over western IO are favorable for
abundant rainfall over East Africa. )e warming SST fully
grown in western IO during El Niño autumn is the reason
for the opposite response of summer rainfall and autumn
rainfall in East Africa to El Nino-like SST in Pacific. In one
word, IOD is pivotal in having ENSO in effect in autumn
rainfall over the East Africa, and ENSO has significant
impact on autumn rainfall over East Africa by means of IOD
(Figure 16).

IOD events are closely related to ENSO events. As
proposed by Li et al. [28], El Niño may induce positive IOD
by the change of the walker circulation. )e suppressed

convection in Maritime Continent may induce anomalous
easterlies at equatorial IO, which favors a warm SSTA in
western IO as a result of the negative wind stress curl,
thereby depressing of thermocline. Another process which
favors a warm SSTA in western IO is the weakening of the
Indian summer monsoon [28]. Prasad and McClean [29]
supported the view that the warming in western IO is
primarily a response to local wind anomalies. )e warm SST
in western IO favors deep convective clouds in western IO,
which is mainly responsible for precipitation in equatorial
East Africa in autumn.

But not every IOD events are companied by ENSO.
Zhang et al. [30] documented that the relationship between
the eastern Pacific El Niño and the IOD depends on the
strength of El Niño, whereas for the central Pacific El Niño,
its horizontal location is more important to exciting an IOD.
Fan et al. [31] suggested that strong IOD development is
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Figure 12:)e difference of (a) 200-hPa wind (streamline), (b) 850-hPa wind (vector inm s−1) and rainfall (shaded inmmmonth−1), and (c)
850-hPa divergence (shaded in 10e6 s−1) in OND between positive IOD years and negative IOD years.)emagnitudes of wind are shaded in
(a). )e red boxes marked in each panel represent the OND region.
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Figure 13: )e difference of 200-hPa wind (streamline; left column), 850-hPa wind (vector in m s−1), and rainfall (shaded in mmmonth−1)
(right column) in OND between El Niño alone and La Niña alone years (a, d), between pIOD alone years and nIOD alone years (b, e), and
between El Niño and pIOD coexisting and La Niña and nIOD coexisting years(c, f ). )e magnitudes of wind are shaded in (a, b, and c). )e
red boxes marked in each panel represent the OND region.
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Figure 14: )e difference of OLR (shaded in Wm2−1) and SLP (contour in hPa) in JJAS (a) between El Niño alone years and La Niña alone
years, (b) between pIOD alone years and nIOD alone years, and (c) between El Niño and pIOD coexisting and La Niña and nIOD coexisting
years.
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Figure 15: Same as Figure 14, but for OND season. (a) ONDOLR and SLP (ENSO alone), (b) ONDOLR and SLP (IOD alone), and (c) OND
OLR and SLP (both ENSO & IOD).
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related to early-onset ENSO, whereas late-onset ENSO
forces a vague IOD pattern with marginal SST anomalies in
western IO. )e variability of autumn rainfall over equa-
torial East Africa is more closely related to warm SST over
tropical western IO. But, during the co-occurrence of El
Niño and positive IOD events, the OND rainfall is more
pronounced than that in positive IOD alone events.
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